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[Document's Name] SPECIFICATION 

[Title of the Invention] SEMICONDUCTOR INTEGRATED CIRCUIT 

DEVICE MANUFACTURING PROCESS 

[Claims] 

[Claim 1] A process for manufacturing a semiconductor 
integrated circuit device including a MISFET, characterized 
in that all conductive films to be deposited on a 
semiconductor substrate are deposited at a temperature of 
500°C or lower at a step after said MISFET has been formed. 

[Claim 2] A semiconductor integrated circuit device 
manufacturing process according to Claim 1, characterized 
in that said conductive films are made of a metal or its 
compound . 

[Claim 3] A semiconductor integrated circuit device 
manufacturing process according to Claim 2, characterized 
in that said metal is tungsten, aluminum, titanium or copper, 
and said metal compound is titanium nitride. 

[Claim 4] A process for manufacturing a semiconductor 
integrated circuit device including a MISFET, characterized 
in that all insulating films to be deposited on a 
semiconductor substrate are deposited at a temperature of 
500°C or lower at a step after said MISFET has been formed. 

[Claim 5] A semiconductor integrated circuit device 
manufacturing process according to Claim 4, characterized 
in that said insulating films are either silicon oxide films 
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deposited by a plasma CVD method or silicon nitride films 
deposited by a plasma CVD method. 

[Claim 6] A semiconductor integrated circuit device 
manufacturing process according to Claim 4, characterized 
in that the surfaces of said insulating films are flattened 
by a chemical-mechanical polishing method. 

[Claim 7] A process for manufacturing a semiconductor 
integrated circuit device including a MISFET, comprising: 

a first step of forming a MISFET in an active region 
over a semiconductor substrate after an element isolating 
region has been formed over said semiconductor substrate; 
and 

a second step of forming a wiring line by depositing 
an insulating film and a conductive film over said MISFET, 

characterized in that the upper limit of the heat 
treatment temperature at said second step is made lower than 
that of the heat treatment temperature at said first step. 

[Claim 8] A semiconductor integrated circuit device 
manufacturing process according to Claim 1 , characterized 
in that the heat treatment temperature at said second step 
is made lower for the later steps. 

[Claim 9] A semiconductor integrated circuit device 
manufacturing process according to Claim 1, characterized 
in that said semiconductor integrated circuit device 
comprises a DRAM including a memory cell in which a bit line 
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is arranged over a memory cell selecting MISFET whereas an 
information storing capacitive element is arranged over said 
bit line. 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a technique for 
manufacturing a semiconductor integrated circuit device and 
more, particularly to a technique which is effective if 
applied to a manufacture of a semiconductor integrated 
circuit device having MISFETs (Metal Insulator 
Semiconductor Field Effect Transistors) , 

[0002] 

[Prior Art] 

The LSI, represented by a large capacity DRAM of recent 
years, is encountered by a serious problem of a 
high cost raised by the increase in the number of steps, 
because its manufacture process is complicated more as its 
integration, speed and function grow higher. In accordance 
with this, the number of depositing insulating films and 
conductive films over a semiconductor substrate at a 
temperature of 700 to gOO^'C is increased to make it difficult 
to achieve a high performance for the MISFETs by realizing 
a shallow junction. Moreover, the increase in the wiring 
resistance resulting from the miniaturization raises an 
obstruction to the speedup. 
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[0003] 

[Problems to be Solved by the Invention] 

An object of the present invention is to provide a 
technique capable of reducing the number of heat treatment 
steps in a process for manufacturing a semiconductor 
integrated circuit device having MISFETs. 
[0004] 

Another object of the present invention is to provide 
a technique capable of simplifying the process for 
manufacturing a semiconductor integrated circuit device 
having MISFETs. 
[0005] 

Another object of the present invention is to provide 
a technique capable of lowering the wiring resistance of a 
semiconductor integrated circuit device having MISFETs. 
[0006] 

The aforementioned and other objects and novel 
features of the present invention will become apparent from 
the following description to be made with reference to the 
accompanying drawings . 
[0007] 

[Means for Solving the Problems] 

Representatives of the aspects of the invention, as 
disclosed herein, will be briefly described in the 
following . 
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[0008] 

(1) By a process for manufacturing a semiconductor 
integrated circuit device of the present invention, all 
conductive films to be deposited over a semiconductor 
substrate are deposited at a temperature of SOO^'C or lower 
at a step after formation of MISFETs. 

[0009] 

(2) By a process for manufacturing a semiconductor 
integrated circuit device of the present invention, all 
conductive films to be deposited over a semiconductor 
substrate are made of a metal or its compound. 

[0010.] 

(3) By a process for manufacturing a semiconductor 
integrated circuit device of the present invention, all 
insulating films to be deposited over a semiconductor 
substrate are deposited at a temperature of 500''C or lower 
at a step after formation of MISFETs. 

[0011] 

[Preferred Embodiments] 

The embodiments of the present invention will be 
described in detail with reference to the accompanying 
drawings. Throughout the drawings for explaining the 
embodiments the parts or portions having the same functions 
are designated by the same reference numerals, and their 
repeated description will be omitted. 
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[0012] 

(Embodiment 1) 

The present embodiment is applied to a process for 
manufacturing a DRAM having memory cells of stacked 
capacitor structure, in which information storing 
capacitive elements (capacitors) are arranged over memory 
cell selecting MISFETs. 
[0013] 

For manufacturing this DRAM, first of all, there is 
prepared a semiconductor substrate 1 which is made of a 
p"-type single crystal silicon having a specific resistance 
of about 10 Q-cm, as shown in Fig. 1. The surface of the 
semiconductor substrate 1 is oxidized to form a thin silicon 
oxide film 43, and a silicon nitride film 44 is deposited 
over the silicon oxide film 43 by a CVD method. This silicon 
nitride film 44 is etched by using a photoresist as a mask 
to remove the silicon nitride film 44 from an element 
isolating region. 
[0014] 

Next, as shown in Fig. 2, the semiconductor substrate 

1 is annealed at a temperature of about 1,000°C by using the 
silicon nitride film 44 as a mask, to form a field oxide film 

2 having a thickness of about 400 nm. 
[0015] 

Next, the silicon nitride film 44 is removed, and the 
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semiconductor substrate 1 at the regions to form a memory 
array and to form n-channel MISFETs of a peripheral circuit 
is doped with ions of a p-type impurity (boron (B) ) , as shown 
in Fig. 3, to form a p-type well 3. Moreover, the 
semiconductor substrate 1 at the region to form p-channel 
MISFETs of a peripheral circuit is doped with ions of an 
n-type impurity (phosphor (P)) to form an n-type well 4. 
Subsequently, the p-type well 3 is doped through the field 
oxide film 2 with boron (B) ions of a p-type impurity to form 
a p-channel stopper layer 5 below the field oxide film 2, 
and the n-type well 4 is doped through the field oxide film 
2 with phosphor (P) ions of an n-type impurity to form an 
n-type channel stopper layer 6 below the field oxide film 
2. After this, the surf aces of the individual active regions 
of the p-type well 3 and the n-type well 4, enclosed by the 
field oxide film 2, are thermally oxidized at a temperature 
of about 800°C to form a gate oxide film 7 having a thickness 
of about 8 nm. 
[0016] 

Next, as shown in Fig. 4, there are formed gate 
electrodes 8A (word lines WL) for the memory cell selecting 
MISFETs, gate electrodes 8B of the n-channel MISFETs of the 
peripheral circuit, and gate electrodes 8C of the p-channel 
MISFETs. These gate electrodes 8A (word lines WL) and the 
gate electrodes 8B and 8C are simultaneously formed by 
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depositing a tungsten (W) film having a thickness of about 
150 nm at a filming temperature of about 475°C over the 
semiconductor substrate 1 by a CVD method, by depositing a 
silicon nitride film 9 having a thickness of about 250 nm 
at a filming temperature of about 360 ''C over the W film by 
a plasma CVD method, and by patterning those films by an 
etching method using a photoresist as the mask. 
[0017] 

Next, as shown in Fig. 5, the p-type well 3 is coped 
with ions of an n-type impurity such as phosphor (P) or 
arsenic (As) by using the (not-shown) photo-resist mask for 
exposing the NMOS forming region to the outside, and the 
n-type well 4 is doped with boron (8) ions of a p-type 
impurity by using the (not-shown) photoresist mask for 
exposing the PMOS forming region to the outside. By the 
subsequent annealing step, the n-type impurity (?) forms 
n-type semiconductor regions 11 (a source region and a drain 
region) of the memory cell selecting MISFETs and n — type 
semiconductor region of the n-channel MISFETs of the 
peripheral circuit in self -alignment with the gate 
electrodes 8A and 8B, and the p-type impurity (B) forms 
p'-type semiconductor region 14 of the p-channel MISFETs of 
the peripheral circuit in self -alignment with the gate 
electrodes 8C. 
[0018] 
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Next, as shown in Fig. 6, side wall spacers 10 are 
formed at the individual side walls of the gate electrode 
8A (word lines WL) and gate electrodes 8B and 8C. After this, 
the p-type well 3 of the peripheral circuit is doped with 
ions of an n-type impurity such as arsenic (As) or phosphor 
(P) by using the (not-shown) photoresist mask covering the 
memory array region and the PMOS forming region of the 
peripheral circuit, and the n-type well 4 is doped with boron 

(B) ions of a p-type impurity by using the (not-shown) 
photoresist mask covering the memory array region and the 
NMOS forming region of the peripheral circuit. The side wall 
spacers 10 are formed by depositing a silicon nitride film 
having a thickness of about 100 nm at a filming temperature 
of about 360 °C over the semiconductor substrate I by a plasma 
CVD method, and by working the silicon nitride film by an 
anisotropic etching method. 

[0019] 

Next/by annealing the semiconductor substrate 1 in a 
nitrogen atmosphere at about 900°C to diffuse the 
aforementioned n-type impurity (P) and p-type impurity, as 
shown in Fig. 7, there are formed the n-type semiconductor 
regions 11 (the source regions and the drain regions) of the 
memory cell selecting MISFETs, an n"-type semiconductor 
region 12 and an n'^-type semiconductor region 13 of the 
n-channel MISFETs of the peripheral circuit, and a p"-type 
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Semiconductor region 14 and a p'^-type semiconductor region 
15 of the p-channel MISFETs. The n"'-type semiconductor 
region 13 and the p"'-type semiconductor region 15 are formed 
in self-alignment with the side wall spacers 10. In the 
peripheral circuit, the source regions and the drain regions 
of the n-channel MISFETs are individually constructed of an 
LDD (Lightly Doped Drain) structure composed of the n"-type 
semiconductor region 12 and the n'^-type semiconductor region 
13, and the source regions and the drain regions of the 
p-channel MISFETs are individually constructed of an LDD 
structure composed of the p"-type semiconductor region 14 and 
the p'^-type semiconductor region 15. 
[0020] 

Next, as shown in Fig. 8, contact holes 17 and 18 for 
exposing a portion of the semiconductor region 11 to the 
outside are formed over the n-type semiconductor regions 11 
(the source regions and the drain regions) of the n-type 
semiconductor regions 11 of the memory cell selecting 
MISFETs; contact holes 19 and 20 for exposing portions of 
the semiconductor regions 12 and 13 to the outside are formed 
over the n"'-type semiconductor regions 13 (the source regions 
and the drain regions) of the n-channel MISFETs of the 
peripheral circuit; and contact holes 21 and 22 for exposing 
portions of the semiconductor regions 14 and 15 to the 
outside are formed over the p'"-type semiconductor regions 15 
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(the source regions and the drain regions) of the p^'-type 
semiconductor regions 15 of the p-channel MISFETs, by 
depositing a silicon oxide film 16 having a thickness of 
about 500 nm at a filming temperature of about 390°C over 
the memory cell selecting MISFETs, the n-channel MISFETs and 
the p-channel MISFETs of the peripheral circuit by a plasma 
CVD method, by polishing the silicon oxide film 16 by a CMP 
(Chemical-Mechanical Polishing) method to flatten its 
surface, and by etching the silicon oxide film 15 and the 
gate oxide film 7 by using a photoresist as the mask. 
[0021] 

At this time, the silicon nitride film 9, formed over 
the gate electrodes 8A (the word lines WL) of the memory cell 
selecting MISFETs, and the side wall spacers 10 of silicon 
nitride, formed at the side walls, are slightly etched so 
that the contact holes 17 and 18 are formed in self -alignment 
with the side wall spacers. Likewise, the silicon nitride 
film 9, formed over the gate electrodes 8B of the n-channel 
MISFETs of the peripheral circuit and over the gate 
electrodes 8C of the p-channel MISFETs, and the side wall 
spacers 10 of silicon nitride, formed at the side walls, are 
slightly etched, so that the contact holes 19 to 22 are formed 
in self-alignment with the side wall spacers 10. 
[0022] 

The insulating film to be formed over the memory cell 
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selecting MISFETs and the n-channel MISFETs and p-channel 
MISFETs of the peripheral circuit should not be limited to 
the aforementioned silicon oxide film 16 but can be an ozone 

(03)-BPSG (Boron-doped Phospho Silicate Glass) film 
deposited at a filming temperature of about 450°C by a CVD 
method, or an ozone-TEOS (Tatra Ethoxy Silane) film 
deposited at a filming temperature of about 400°C by a CVD 
method. These insulating films are flattened at their 
surfaces by the chemical-mechanical polishing (CMP) method, 
as for the silicon oxide film 16. 

[0023] 

Next, as shown in Fig. 9, plugs 23, made of a multilayer 
film of titanium nitride (TIN) and W, are buried in the 
contact holes 17 to 22. These plugs 23 are formed by 
depositing a TiN film having a thickness of about 50 nm acting 
as an adhesive layer for the substrate and the W film over 
the silicon oxide film 16 by a sputtering method, by 
depositing the W film having a thickness of about 300 nm at 
a filming temperature of 475°C over the TiN film by a CVD 
method, and by etching back the W film and the TiN film. 
[0024] 

At this time, in order to reduce the contact resistance 
between the plugs 23 and the substrate, a Ti silicide (TiSi2) 
film may be formed below the contact holes 17 to 22. This 
Ti silicide film is formed by depositing a Ti film having 
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a thickness of about 50 nm over the silicon oxide film 16 
by a sputtering method, by causing the Ti film and the 
semiconductor substrate below the contact holes 17 to 22 to 
react by annealing them at a temperature of about 800°C, and 
by wet-etching off the Ti film left unreacted over the 
silicon oxide film 16. After this, the TiN film and W film, 
deposited over the silicon oxide film 16, are etched back 
to form the plugs 23. 
[0025] 

Next, as shown in Fig, 10, bit lines BLi and BL2 and 
wiring lines 24A and 24B of the peripheral circuit are formed 
over the silicon oxide film 16. These bit lines BLi and BL2 
and the wiring lines 24A and 24B are simultaneously formed 
by depositing a W film having a thickness of about 300 nm 
at a filming temperature of about 475''C over the silicon 
oxide film 16 by a plasma CVD method, by depositing a silicon 
nitride film 25 having a thickness of about 200 nm at a 
filming temperature of about 360°C over that W film by a 
plasma CVD method, and by etching and patterning those films 
by using a photoresist as the mask. 
[0026] 

The bit line BL"" is electrically connected through the 
aforementioned contact hole 17 with one of the source region 
and the drain region (the n-type semiconductor regions 11) 
of the memory cell selecting MISFET. The bit line BL2 is 
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extended from the memory array region to the peripheral 
circuit region and is electrically connected through the 
aforementioned contact hole 19 with one of the source region 
and the drain region (the n'^-type semiconductor regions 13) 
of an n-channel MISFET Qn of the peripheral circuit. 
[0027] 

One end of the wiring line 24A of the peripheral circuit 
is electrically connected through the contact hole 20 with 
the other (the n"'-type semiconductor region 13) of the source 
region and the drain region of the n-channel MISFET, and the 
other end of the wiring line 24A is electrically connected 
through the contact hole 21 with one of the source region 
and the drain region (the p"^-type semiconductor regions 15) 
of the p-channel MISFET. The wiring line 24B is electrically 
connected through the contact hole 22 with the other (the 
p+_type semiconductor region 15) of the source region and the 
drain region of the p-channel MISFET. 
[0028] 

Next, as shown in Fig. 11, side wall spacers 26 are 
formed at the individual side walls of the bit lines BLi and 
BL2 and the wiring lines 24A and 24B. These side wall spacers 
28 are formed by depositing a silicon nitride film having 
a thickness of about 100 nm at a filming temperature of about 
360°C over the silicon oxide film 15 by a plasma CVD method, 
and by working the silicon nitride film by an anisotropic 
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etching method. 
[0029] 

Next, as shown in Fig. 12, contact holes 28 for exposing 
the plugs 23 in the contact holes 18 to the outside are formed 
over the contact holes 18, formed to expose the upper portion 
of one of the n-type semiconductor regions 11 (the source 
region and the drain region) of the memory cell selecting 
MISFET, by depositing a silicon oxide filmi 27 having a 
thickness of about 500 nm at a filming temperature of about 
390°C over the bit lines BLi and BL2 and the wiring lines 24A 
and 24B by a plasma CVD method, by polishing the silicon oxide 
film 27 by a chemical mechanical polishing (CMP) method to 
flatten its surface, and by etching the silicon oxide film 
27 by using a photoresist as the mask. At this time, the 
silicon oxide film 25, formed over the bit line BLi, and the 
side wall spacers 26 of silicon nitride, formed at the side 
walls, are slightly etched so that the contact holes 28 are 
formed in self -alignment with the side wall spacers 26. 
[0030] 

The insulating film to be deposited over the bit lines 
BLi and BL2 and the wiring lines 24A and 24B should not be 
limited to the aforementioned silicon oxide film 27 but can 
be the aforementioned ozone-BPSG film or ozone-TEOS film, 
or an SOG (Spin On Glass) film. The ozone-BPSG film or 
ozone-TEOS film is flattened, if employed, on its surface 
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by a chemical mechanical polishing (CMP) method as for the 

silicon oxide film 27. 

[0031] 

Next, as shown in Fig. 13, W plugs 30 are buried in the 
contact holes 28, and storage electrodes (lower electrodes) 
32 of information storing capacitive elements are formed 
over the contact holes 28. The W plugs 30 are formed by 
depositing a W film having a thickness of about 300 nm at 
a filming temperature of about 500°C over the silicon oxide 
film 27 by a CVD method, and by etching back the W film. The 
storage electrodes 32 are formed by depositing a W film 
having a thickness of about 500 nm at a filming temperature 
of about 475°C over the silicon oxide film 27 by a CVD method, 
and by pattering the W film by using a photoresist as the 
mask. The W film constituting the plugs 30 is deposited at 
a higher filming temperature (500°C) than that (475°C) of 
the W film constituting the storage electrodes 32, because 
it is required to retain the coverage of the inside of the 
contact holes 28. 
[0032] 

Next, as shown in Fig. 14, there are formed over the 
storage electrodes 32, a capacitor insulating film 33 and 
plate electrodes (upper electrodes) 34 of the information 
storing capacitive elements. The capacitor insulating film 
33 and the plate electrodes 34 are simultaneously formed by 
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depositing a Ta205 film having a thickness of about 15 nm at 
a filming temperature of about 400 to 480°C over the storage 
electrodes 32 by a CVD method, by depositing a TIN film having 
a thickness of about 150 nm over the Ta205 film by a sputtering 
method, and by etching and patterning those films by using 
a photoresist as the mask. As a result, there is formed an 
information storing capacitive element C of the memory cell, 
which is composed of the storage electrode 32, the capacitor 
insulating film 33 and the plate electrode 34. 
[0033] 

Next, as shown in Fig. 15, a contact hole 36 is formed 
over the plate electrode 34 of the information storing 
capacitive element C by depositing a silicon oxide film 35 
having a thickness of about 500 run at a filming temperature 
of about 390 °C over the information depositing capacitive 
element C by a plasma CVD method, and by etching the silicon 
oxide film 35 by using a photoresist as the mask. 
Simultaneously with this, a contact hole 37 is formed over 
the wiring line 24A of the peripheral circuit, and a contact 
hole 38 is formed over the wiring line 24B, by etching the 
silicon oxide film 35, the silicon oxide film 27 and the 
Silicon nitride film 25. The insulating film to be deposited 
over the information storing capacitive element C should not 
be limited to the aforementioned silicon oxide film 35 but 
can be a three-layered insulating film in which a 
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spin-on-glass film is sandwiched between the two silicon 
oxide films 35. 
[0034] 

Next, as shown in Fig. 16, wiring lines 39A, 39B, 39C 
and 39D are formed over the silicon oxide film 35. These 
wiring lines 39A, 39B, 39C and 39D are simultaneously formed 
by depositing a TiN film having a thickness of about 50 nm, 
an Al (aluminum) alloy film having a thickness of about 500 
nm and a TiN film having a thickness of about 10 nm over the 
silicon oxide film 35 at a substrate temperature of 300 to 
350 °C by a sputtering method, and etching and patterning 
those films by using a photoresist as the mask. By the steps 
thus far described, the DRAM of the present embodiment is 
substantially completed. 
[0035] 

By the DRAM manufacturing process of the present 
embodiment, at the step after the individual source regions 
and drain regions of the memory cell selecting MISFET and 
the n-channel MISFET and the p-channel MISFET of the 
peripheral circuit have been formed, the wiring conductive 
film and the insulating film are deposited at a temperature 
of 500°C or lower, so that the diffusion of the impurity into 
the substrate by the high-temperature heat treatment can be 
suppressed to realize a shallow junction between the source 
regions and the drain rations thereby to enhance the high 
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performance of the DRAM. 
[0036] 

By the DRAM manufacturing process of the present 
embodiment, all the wiring conductive films are made of metal 
materials (W or A£) or the metal compound material (TiN) so 
that the wiring resistance which may rise because of the 
miniaturization, can be lowered to increase the speedup of 
the DRAM. The wiring conductive film should not be limited 
to the material employed in the present embodiment but can 
be made of Ti or copper (Cu) , for example. 
[0037] 

(Embodiment 2 ) 

In the foregoing Embodiment 1, the gate electrodes 8A 
of the memory cell selecting MISFET and the gate electrodes 
8B of the n-channel MISFET and the gate electrodes 8C of the 
p-channel MISFET of the peripheral circuit are individually 
composed of the tungsten (W) film which is deposited at the 
filming temperature of about 475°C. In the present 
embodiment, however, the gate electrodes 8A (the word lines 
WL) and the gate electrodes 8B and 8C are composed of a 
multilayer film of a polycrystalline silicon film, a 
titanium nitride (TIN) film and a tungsten (W) film, as shown 
in Fig. 17. 
[0038] 

In this case, the polycrystalline silicon film having 
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a thickness of about 250 nm is deposited at first at a filming 
temperature of about 540°C by a CVD method, and the titanium 
nitride (TiN) having a thickness of about 50 nm for an 
adhesive layer between the polycrystalline silicon film and 
the tungsten (W) film is then deposited over the 
polycrystalline silicon film by a sputtering method. The 
polycrystalline silicon film is doped with an n-type 
impurity or phosphor (P) of about 1.5 x 10"° cm"^. 
[0039] 

Next, the gate electrodes 8A (the word lines WL) and 
the gate electrodes 8B and 8C are simultaneously formed by 
depositing a W film having a thickness of about 100 run at 
a filming temperature of about 475^C over the TIN film by 
a CVD method, by depositing the silicon nitride film 9 having 
a thickness of about 250 nm at a filming temperature of about 
360°C over the W film by a plasma CVD method, and by etching 
and patterning the silicon nitride film 9, the W film, the 
TIN film and the polycrystalline silicon film by using a 
photoresist as the mask. The other steps are identical to 
those of foregoing Embodiment 1, and a DRAM is completed by 
applying the steps after the step of forming the gate 
electrodes 8A, 8B and 8C. 
[0040] 

By the DRAM manufacturing process of the present 
embodiment, the wiring conductive film and the insulating 
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film are deposited at a temperature of 500°C or lower after 
the individual source regions and drain regions of the memory 
cell selecting MISFET and the n-channel MISFET and the 
p-channel MISFET of the peripheral circuit have been formed, 
so that the high performance of the DRAM can be enhanced. 
[0041] 

By the DRAM manufacturing process of the present 
embodiment, the high speed of the DRAM can be increased as 
in Embodiment 1 by making all the wiring conductive films 
of a material containing a metal material or a metal 
compound . 
[0042] 

(Embodiment 3) 

In order to manufacture a DRAM of the present 
embodiment, as shown in Fig. 18, the surface of the 
semiconductor substrate 1 of p'-type single crystal silicon 
is thermally oxidized at first to form a thin silicon oxide 
film 43, and a silicon nitride film 44 is then deposited over 
the silicon oxide film 43 by a CVD method. The silicon 
nitride film 44 is etched by using a photoresist as the mask, 
and it is removed from the element isolating region. 
[0043] 

Next, as shown in Fig. 19, the semiconductor substrate 
1 at the element isolating region is etched by using the 
silicon nitride film 44 as the mask to form shallow grooves 
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52 having a depth of about 0.35 \xm, and a silicon oxide film 

53 having a thickness of about 10 nm is then formed in the 
Shallow groove 52. 

[0044] 

Next, as shown in Fig. 20, a silicon oxide film 54 is 
buried in the shallow groove 52. In order to bury the silicon 
oxide film 54 in the shallow groove 52, the silicon oxide 
film 54 having a thickness of about 600 nm is deposited over 
the semiconductor substrate 1 by a CVD method and is then 
polished by a chemical-mechanical polishing (CMP) method. 
After this, the silicon nitride film 44, left over the 
semiconductor substrate 1, is etched off. 
[0045] 

Next, as shown in Fig. 21, a p-type well 3 is formed 
by doping the semiconductor substrate 1 with ions of a p-type 
impurity or boron (B) by using the (not-shown) photoresist 
for exposing the region for forming the memory array and the 
region for forming the n-channel MISFET of the peripheral 
circuit selectively to the outside, and the n-type well 4 
is formed by doping the semiconductor substrate 1 with ions 
of an n-type impurity or phosphor (P) by using the 
(not-shown) photoresist exposing the region for forming the 
p-channel MISFET of the peripheral circuit selectively to 
the outside. For this doping, the peaks of the individual 
distributions of the n-type impurity and the p-type impurity 
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are substantially equalized to the depth of the shallow 
groove 52, so that the p-type or n-type semiconductor regions 
are formed in the semiconductor substrate at the bottom of 
the shallow groove 52. As a result, the p-type well 3 acts 
as a p-type channel stopper layer, and the n-type well 4 acts 
as an n-type channel stopper layer. 
[0046] 

Next, as shown in Fig. 22, the surfaces of the 
individual active regions of the p-type well 3 and the n-type 
well 4, enclosed by the shallow groove 52, are thermally 
oxidized at a temperature of about 800°C to form the gate 
oxide film 7 having a thickness of about 8 nm. The subsequent 
steps are identical to those of Embodiment 1. 
[0047] 

By the DRAM manufacturing process of the present 
embodiment, the p-type well 3 acts as the p-type channel 
stopper layer whereas the n-type well 4 acts as the n-type 
channel stopper layer. As a result, the ion implantation 
for forming the p-type channel Stopper layer and the ion 
implantation for forming the n-type channel stopper layer 
can be eliminated to simplify the DRAM manufacturing process 
more than the process of Embodiment 1. 
[0048] 

By the DRAM manufacturing process of the present 
embodiment, the elements are isolated by the shallow groove 
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52, formed in the semiconductor substrate 1, so that the 
miniaturization of the DRAM can be promoted. Since the step 
between the element isolating region and the active region 
is eliminated, moreover, it is possible to prevent the 
drawback that the conductive film such as the gate electrode 
material, deposited over the semiconductor substrate 1, is 
thinned at the step portion. 
[0049] 

(Embodiment 4) 

In order to manufacture the DRAM of the present 
embodiment, by the manufacture process of Embodiment 1, the 
contact holes 17 and 18 for exposing a portion of the 
semiconductor region 11 are formed by forming the memory cell 
selecting MISFET, and the n-channel MISFET and the p-channel 
MISFET of the peripheral circuit, by depositing the silicon 
oxide film 16 over those MISFETs, by polishing the silicon 
oxide film 16 by a chemical mechanical-polishing (CMP) 
method to flatten its surface, and by etching the silicon 
oxide film 16 and the gate oxide film 7 by using a 
photo-resist as the mask to form the contact holes 17 and 
18 over the n-type semiconductor region 11 (the source region 
and the drain region) of the memory cell selecting MISFET. 
[0050] 

Next, as shown in Fig. 24, the plugs 29 of 
poly-crystalline silicon are buried in the contact holes. 
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These plugs 29 are formed by depositing the polycrystalline 
silicon film having a thickness of about 360 nm at a filming 
temperature of about 540°C over the silicon oxide film 16 
by a CVD method, and by etching back the polycrystalline 
silicon film (while leaving the polycrystalline silicon film 
only in the contact holes 17 and 18) , This polycrystalline 
silicon film is doped with an n-type impurity of phosphor 

(P) . 

[0051] 

Next, as shown in Fig. 25, a titanium (Ti) silicide 
layer 31 is formed on the surfaces of plugs 29 of 
polycrystalline silicon. The titanium silicide layer 31 is 
formed by burying the polycrystalline silicon plugs 29 in 
the contact holes 17 and 18, by depositing, just after the 
burying step, a Ti film having a thickness of about 50 nm 
over the silicon oxide film 16 by a sputtering method, by 
annealing the Ti film and the polycrystalline silicon (the 
plugs 29) at a temperature of about 800"C to react, and by 
removing the Ti film, left unreacted over the silicon oxide 
film 16, by a wet etching. 
[0052] 

Next, as shown in Fig. 26, the contact holes 19 and 20 
are formed over the n"^-type semiconductor region 13 (the 
source region and the drain region) of the n-channel MISFET 
of the peripheral circuit, and the contact holes 21 and 22 
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are formed over the p"'-type semiconductor region 15 (the 
source region and the drain region) of the p-channel MISFET, 
by depositing a silicon oxide film 45 having a thickness of 
about 50 nm at a filming temperature of about 360''C over the 
silicon oxide film 16 by a plasma CVD method, and by etching 
the silicon oxide film 45, the silicon oxide film 16 and the 
gate oxide film 7 by using as the mask a photoresist covering 
the memory cells and having openings over the semiconductor 
regions 13 of the n-channel MISFET and the semiconductor 
regions 15 of the p-channel MISFET of the peripheral circuit 
region . 
[0053] 

Next, as shown in Fig. 27, the plugs 23, composed of 
the multilayer film of TiN and W, are buried in the contact 
holes 19 to 22 of the peripheral circuit in accordance with 
the process of Embodiment 1. After this, the silicon-oxide 
film 45 of the contact holes 17, formed over one (located 
at the side for connecting the bit lines) of the n-type 
semiconductor regions 11 (the source region and the drain 
region) of the memory cell selecting MISFET, is removed to 
expose the surface of the titanium silicide layer 31, formed 
over the surfaces of the plugs 29, to the outside. 
After this, as shown in Fig. 28, the bit lines BLi and BL2 
and the wiring lines 24A and 24B of the peripheral circuit 
are formed over the silicon oxide film 45, and the side wall 
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Spacers 26 are then formed at the individual side walls of 
the bit lines BLi and BL2 and the wiring lines 24A and 24B. 
[0054] 

Next, as shown in Fig. 29, by the process of Embodiment 
1, the contact holes 28 are formed in self -alignment with 
the side wall spacers 26 of the side walls of the bit lines 
BLi and BL2 over the aforementioned contact holes 18, formed 
over one of the n-type semiconductor regions 11 (the source 
region and the drain region) of the memory cell selecting 
MISFET, by depositing the silicon oxide film 27 individually 
over the bit lines BLi and BL2 and the wiring lines 24A and 
24B, by polishing and flattening the surface of the silicon 
oxide film 27 by a chemical-mechanical polishing (CMP) 
method, and by etching the silicon oxide film 27 by using 
a photoresist as the mask. 
[0055] 

Next, as shown in Fig. 30, foreign matters on the 
surface of the aforementioned Ti silicide layer 30, exposed 
at the bottoms of the contact holes 28, is removed by a 
sputter-etching method using argon (Ar) , and the plugs 30 
of polycrystalline silicon or W are buried in the contact 
holes 28. If, at this time, the Ti silicide film 31 is not 
formed on the surfaces of the polycrystalline silicon plugs 
29, the contact resistance is increased between the surfaces 
of the plugs 29 (of polycrystalline silicon) are oxidized 
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at the time of burying the plugs 30 in the contact holes 
28. If, at this time, the wet etching is executed to remove 
the oxide film from the surfaces of the plugs 29 (of 
polycrystalline silicon) , the insulating film 27 in the 
bottoms and at the sides of the contact holes 28 are 
side-etched to cause the shape defect of the contact holes 
28. 

[0056] 

By the DRAM manufacturing process of the present 
embodiment, the Ti silicide layer 31 is formed on the 
surfaces of the aforementioned polycrystalline silicon 
plugs 29, buried in the contact holes 18, is formed to reduce 
the oxidation of the surfaces of the plugs 29 
(polycrystalline silicon) so that the oxide film can be 
removed not by an isotropic wet etching method but only by 
a dry etching method using Ar . As a result, there arises 
none of the aforementioned problems. In short, the contact 
resistance can be reduced without causing the shape defect 
of the contact holes 28. 
[0057] 

In order to prevent the oxidation of the surfaces of 
the plugs 29 (polycrystalline silicon) , a metal film of Ti 
or the like may be selectively grown on the surfaces of the 
polycrystalline silicon plugs 29 immediately after the plugs 
29 have been buried in the contact holes 17 and 18. 
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[0058] 

Next, as shown in Fig. 31, by the process of Embodiment 
1, the contact holes 36 are formed over the plate electrodes 

34 of the information storing capacitive element C after 
forming the information storing capacitive element C over 
the contact holes 28, by depositing the silicon oxide film 

35 over the information storing capacitive element C, and 
by etching the silicon oxide film 35 by using a photoresist 
as the mask. Simultaneously with this, by etching the 
silicon oxide film 35 and the silicon oxide film 27, the 
contact holes 37 are formed over the wiring lines 24A of the 
peripheral circuit, and the contact holes 38 are formed over 
the wiring lines 24B. 

[0059] 

Next, as shown in Fig. 32, plugs 55 of TiN are buried 
in the contact holes 35, 36 and 37. These TiN plugs 55 are 
formed by depositing the TiN film over the silicon oxide film 
35 by using a sputtering method and a CVD method, and by 
etching back the TiN film. 
[0060] 

If the plugs 55 are composed of a multilayer film of 
TiN and W, the TiN film and the W film are deposited over 
the silicon oxide film 3-5 and are then etched back. In this 
case, the TiN and the W have different etching rates so that 
the surface of the W film, buried in the contact holes 36, 
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37 and 38, is excessively etched off if the TiN film over 
the silicon oxide film 35 is completely removed. This may 
cause breakage of AA wiring lines over the contact holes 36, 
37 and 38 if the A£ wiring lines are formed over the silicon 
oxide film 35. If the TiN film is not completely etched off 
but left over the silicon oxide film 35, on the other hand, 
separation may occur at the interface between the TiN film 
and the Al wiring lines when these wiring lines are formed 
thereover . 
[0061] 

By the DRAM manufacturing process of the present 
embodiment, the aforementioned drawbacks can be avoided by 
making the plug material to be buried in the contact holes 
36, 37 and 38, of a single layer of TiN. 
[0062] 

Next, as shown in Fig. 33, the wiring lines 39A, 39B, 
39C and 39D are formed over the silicon oxide film 35. 
Specifically, these wiring lines 39A, 39B, 39C and 39D are 
formed by depositing an Al alloy film having a thickness of 
about 500 run and a TiN film having a thickness of about 10 
run over the silicon oxide film 35 by a sputtering method, 
and by etching and patterning those films by using a 
photoresist as the mask. After the steps thus far described, 
the DRAM of the present embodiment is substantially 
completed. It is needless to say that Embodiments 2 and 3 
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can be applied to the present embodiment. 
[0063] 

(Embodiment 5) 

In the DRAM of the present embodiment, the conductive 
material (TiN) constituting the plate electrodes 34 of the 
information storing capacitive element C is used as the 
material for the wiring lines of the peripheral circuit, and 
the plate electrodes 34 and the wiring lines of the 
peripheral circuits are formed at the common step. 
[0064] 

For manufacturing this DRAM by the manufacture process 
of Embodiment 1, the capacitor insulating film 33 and the 
plate electrodes 34 of the information storing capacitive 
element C are formed simultaneously with wiring lines 56 and 
57 of the peripheral circuit, by forming the storage 
electrodes 32 of the information storing capacitive element 
over the silicon oxide film 27, deposited over the bit lines 
BLi and BL2 and the wiring lines 24A and 24B of the peripheral 
circuit, as shown in Fig. 34, and by patterning the Ta205 film 
and the TIN film deposited over the storage electrodes 32, 
as shown in Fig. 35. 
[0065] 

The wiring lines 56 and 57, formed of the multilayer 
film of the Ta205 film or the capacitor insulating film and 
the TIN film deposited over the former, cannot be connected 
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directly with the underlying wiring lines through the 
contact holes. In this case, if the TiN film is deposited 
after the Ta205 has been deposited and then etched off from 
the peripheral circuit, the direct connection with the 
underlying wiring lines can be made but increases the number 
of steps. Since the Ta"" is partially etched off, moreover, 
the reliability of the capacitor insulating film may drop. 
Specifically, a photoresist film of a predetermined pattern 
is formed over the capacitor insulating film 33, and this 
capacitor insulating film 33 is etched. After this, the 
quality of the capacitor insulating film 33 is deteriorated 
by the ashing treatment with C for removing the photoresist. 
In the present embodiment, therefore, the wiring lines 58 
and 57 and the underlying wiring lines are connected by the 
following method. 
[0066] 

First of all, as shown in Fig. 36, the contact holes 
36 are formed over the plate electrodes 34 of the information 
storing capacitive element C by depositing the silicon oxide 
film 35 over the information storing capacitive element C 
and the wiring lines 56 and 57, and by etching the silicon 
oxide film 35 by using a photoresist as the mask. 
Simultaneously with this, the contact holes 37 are formed 
over the wiring lines 24A of the peripheral, circuit, and 
the contact hole6 38 are formed over the wiring lines 24B, 
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by etching the silicon oxide film 35, the silicon oxide film 
27 and the silicon nitride film 25 in the regions having the 
wiring lines 56 and 57. At this time, one end of the wiring 
line 56 is exposed to the inside of the contact hole 37, and 
one end of the wiring line 57 is exposed to the inside of 
the contact hole 38. 
[0067] 

Next, as shown in Fig. 37, the TIN plugs 55 are buried 
in the contact holes 36, 37 and 38, and the wiring lines 39A, 
39B, 39C and 39D are then formed over the silicon oxide film 
35. As a result, the wiring line 56 is connected through 
the wiring line 39C with the underlying wiring line 24A, and 
the wiring line 57 is connected through the wiring line 39D 
with the underlying wiring line 24B. 
[0068] 

By the DRAM manufacturing process of the present 
embodiment, by using a common material for the plate 
electrode (TIN) of the information storing capacitive 
element C and the wiring of the peripheral circuit, the 
wiring layers of the peripheral circuit can be increased to 
improve the degree of freedom of the wiring design. 
[0069] 

By the DRAM manufacturing process of the present 
embodiment, the wiring layers of the peripheral circuit can 
be increased without any increase in the number of steps of 
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manuf acturing the DRAM. 
[0070] 

(Embodiment 6) 

In the DRAM manufacturing process of Embodiment 5, the 
contact hole 37 is formed over the wiring line 24A by etching 
the silicon oxide film 35, the silicon oxide film 27 and the 
silicon nitride film 25 in the regions having the-wiring 
lines 56 and 57 of the peripheral circuit, and the contact 
hole 38 is formed over the wiring line 24B, so that one end 
of the wiring line 56 is exposed to the inside of the contact 
hole 37 whereas one end of the wiring line 57 is exposed to 
the inside of the contact hole 38 (as shown in Fig, 36) . If, 
at this time, the etching selection rate of the wiring 
material (TiN) to the insulating films (the silicon oxide 
film and the silicon nitride film) is small, the plate 
electrode 34 and the wiring lines 56 and 57 may be etched 
to reduce the film thickness. In the present embodiment, 
therefore, the wiring lines 56 and 57 and the underlying 
wiring lines are connected by the following method. 
[0071] 

First of all, as shown in Fig. 38, the capacitor 
insulating film 33 and the plate electrode 34 of the 
information storing capacitive element C are formed 
simultaneously with the wiring lines 56 and 57 of the 
peripheral circuit by patterning the Ta205 film, the TiN film 
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and a third film (a high selection ratio film 58) ^ deposited 
over the storage electrodes 32. The high selection ratio 
film 58 may be either the insulating film or the conductive 
film if it is made of a material having a high etching 
selection ratio to the silicon oxide film or the silicon 
nitride film. A suitable film may be a tungsten (W) film. 
[0072] 

Next, as shown in Fig. 39, the contact holes 36 are 
formed over the plate electrode 34 of the information storing 
capacitive element C by etching the silicon oxide film 35, 
deposited over the information storing capacitive element 
C and the wiring lines 56 and 57, by using a photoresist as 
the mask. Simultaneously with this, the contact hole 37 is 
formed over the wiring line 24A of the peripheral circuit, 
and the contact hole 38 is formed over the wiring line 24B, 
by etching the silicon oxide film 35, the silicon oxide film 
27 and the silicon nitride film 25 in the regions having the 
wiring lines 56 and 57. Since, at this time, the plate 
electrode 34 and the wiring lines 56 and 57 are covered with 
the high selection ratio film 58, the etching of the plate 
electrode 34 and the wiring lines 56 and 57 does not increase 
the film thickness. 
[0073] 

Next, as shown in Fig. 40, one end of the wiring line 
56 is exposed to the inside of the contact hole 37, and one 
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end of the wiring line is exposed to the inside of the contact 
hole 38 by etching the high selection ratio film 58 covering 
the plate electrode 34 and the wiring lines 56 and 57, at 
the final stage of the etching treatment. After this, the 
wiring lines 39A, 39B, 39C and 39D are formed over the silicon 
oxide film 35 in accordance with the process of Embodiment 
5. Incidentally, this etching step is unnecessary if the 
high selection ratio film is made of tungsten. 
[0074] 

By the DRAM manufacturing process of the present 
embodiment, it is possible to reliably prevent the drawback 
that the plate electrode 34 and the wiring lines 56 and 57 
are etched and thinned at the step of forming the contact 
holes (36, 37 and 38) . 
[0075] 

The connection between the wiring lines 56 and 57 of 
the peripheral circuit and the underlying wiring lines may 
also be effected by the following method. 
[0076] 

First of all, as shown in Fig. 41, the capacitor 
insulating film 33 and the plate electrode 34 are formed 
simultaneously with the wiring lines 56 and 57 of the 
peripheral circuit by patterning the TaaOs film, the TIN film 
and the high selection ratio film 58, deposited over the 
storage electrodes 32. 
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[0077] 

Next, as shown in Fig. 42, the contact hole 37 is formed 
over the wiring line 24A of the peripheral circuit, and the 
contact hole 38 is formed over the wiring line 24B, by etching 
the silicon oxide film 35, the silicon oxide film 27 and the 
silicon nitride film 25, formed over the wiring lines 56 and 
57, by using a photoresist 59 as the mask. At this time, 
the high selection ratio film 58 covering the wiring lines 
56 and 57 acts as the etching stopper to prevent the wiring 
lines 56 and 57 from being etched and thinned. 
[0078] 

Next, as shown in Fig. 43, one end of the wiring line 
56 is exposed inside the contact hole 37, and one end of the 
wiring line 57 is exposed inside the contact hole 38, by 
etching the high selection ratio film 58 covering the wiring 
lines 56 and 57, at the final etching stage. 
[0079] 

After this, as shown in Fig. 44, a wiring line 60 is 
formed over the contact hole 37, and a wiring line 61 is 
formed over the contact hole 38, by patterning the conductive 
film, deposited over the silicon oxide film 27. As a result, 
the wiring line 56 of the peripheral circuit is connected 
through the wiring line 60 to the underlying wiring line 24A, 
and the wiring line 57 is connected through the wiring line 
61 to the underlying wiring line 24B. 
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[0080] 

The wiring lines 56 and 57 of the peripheral circuit 
and the underlying wiring lines may be connected by the 
following method. 
[0081] 

First of all, as shown in Fig. 45, the capacitor 
insulating film 33 and the plate electrode 34 of the 
information storing capacitive element C are formed together 
with the wiring lines 56 and 67 of the peripheral circuit, 
by patterning the Ta205 film, the TiN film and the high 
selection ratio film 58, deposited over the storage 
electrodes 32. After this, the contact hole 36 is formed 
over the plate electrode 34 of the Information storing 
capacitive element C, and the contact hole 37 is formed over 
the wiring line 56, by etching the silicon oxide film 35, 
deposited over the information storing capacitive element 
C and the wiring lines 56 and 57, by using a photoresist as 
the mask. Simultaneously with this, the contact hole 
38 is formed over the wiring line 24B of the peripheral 
circuit by etching the silicon oxide film 35, the silicon 
oxide film 27 and the silicon nitride film 25 in the region 
where the wiring line 57 is formed. At this time, the plate 
electrode 34 and the wiring lines 56 and 57 are covered with 
the high selection ratio film 58, so that they are prevented 
from being etched and thinned. 
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[0082] 

Next, as shown in Fig. 46, one end of the wiring line 

56 is exposed inside of the contact hole 37, and one end of 
the wiring line 57 is exposed inside the contact hole 38, 
by etching the high selection ratio film 58 covering the 
wiring lines 56 and 57, at the final etching state. 
[0083] 

Next, as shown in Fig. 47, the TiN plugs 55 are buried 
in the contact holes 35, 36 and 37, and the wiring lines 39A, 
39B and 39C are then formed over the silicon oxide film 35. 
As a result, the wiring line 56 of the peripheral circuit 
is connected through the wiring line 39C and the wiring line 

57 with the underlying wiring line 24B. 
[0084] 

(Embodiment 7) 

The present embodiment is applied to a process for 
manufacturing a CMOS (Complementary Metal Oxide 
Semiconductor) FET . 
[0085] 

First of all, as shown in Fig. 48, the field oxide film 
2 having a thickness of about 400 nm is formed over the 
surface of the semiconductor substrate 1. The field oxide 
film2 is prepared by annealing the semiconductor substrate 
1 at a temperature of about 1, 000°C by using a silicon nitride 
film as the mask. 
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[0086] 

Subsequently, the surface of the semiconductor 
substrate in the region to form the p-channel MISFET is 
covered with a photoresist 70, and the semiconductor 
substrate 1 in the region where the n-channel MISFET is 
formed is doped with ions of a p-type impurity (B) to form 
the p-type well 3. 
[0087] 

Next, the photoresist 70 is removed, and the 
semiconductor substrate is annealed to repair the crystal 
defects which are caused by ion implantation of p-type 
impurity and is doped all over its surface with ions of a 
p-type impurity (B) to form a channel region 72 of the 
n-channel MISFET. At this time, the semiconductor substrate 
1 in the region where the p-channel MISFET is formed is also 
doped with the ions of p-type impurity. 
[0088] 

Next, as shown in Fig. 50, the region where the 
n-channel MISFET is formed, namely, the p-type well 3 is 
covered with a photoresist 71, and the semiconductor 
substrate 1 in the region where the p-channel MISFET is 
formed is doped twice with the n-type impurity (P) to form 
the n-type well 4, One of these two ion implantations is 
to improve the device characteristics and accordingly to 
introduce the impurity with a relatively low energy. The 
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other ion implantation is to isolate the elements and to 
reduce the well resistance and accordingly to introduce the 
impurity with a relatively high energy. 
[0089] 

Next, as shown in Fig. 51, the n-type well 4 is doped 
with ions of an n-type impurity (P) to form a channel ration 
73 of the p-channel MISFET and to compensate the p-type 
impurity, the ions of which have been ix'itroduced at the step 
of forming the channel . region of the aforementioned 
n-channel MISFET. 
[0090] 

Incidentally, in the process described above, after 
the p-type well 3 has been formed, the photoresist 70 is 
removed, and the semiconductor substrate is then annealed 
to repair the crystal defects which have been caused by the 
ion implantation of the p-type impurity. Despite of this 
description, however, the p-type well 3 may be doped with 
ions of p-type impurity while omitting the annealing step 
to leave the photoresist 70, thereby to form the channel 
region 72 of the n-channel MISFET. 

Moreover, a process, in which the insulating film is 
buried in the shallow groove of Embodiment 3, can be applied 
to the element isolating region. 
[0091] 

Next, after the photoresist 71 has been removed, the 
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gate oxide film 7 is formed by a thermal oxidizing method 
over the surfaces of the individual active regions of the 
p-type well 3 and the n-type well 4, as shown in Fig. 52. 
Next, the gate electrode 8B of the n-channel MISFET and the 
gate electrode 8C of the p-channel MISFET are formed over 
the gate oxide film 7. 
[0092] 

The subsequent stops follow the flowchart shown in Fig, 
53. Specifically, the impurity activation for forming the 
source region and the drain region is executed at a 
temperature of about 900°C. Moreover, the treatment for 
producing Ti silicide or the like on the bottom of the contact 
hole so as to lower the contact resistance between the first 
layer wiring line and the source region or the drain region 
is executed at 800°C, and the subsequent depositions of the 
wiring conductive film and the insulating film are executed 
at 450°C or lower. 
[0093] 

The element isolating with the shallow groove is 
executed according to the flowchart, shown in Fig. 54, as 
in Embodiment 3. Specifically, the impurity activation for 
forming the source region and the drain region is executed 
at a temperature of about 900°C. Moreover, the treatment 
for forming Ti silicide or the like on the bottom of the 
contact hole so as to lower the contact resistance between 
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the first layer wiring line and the source region or the drain 
region is executed at 800°C, and the subsequent depositions 
of the wiring conductive film and the insulating film are 
executed at 450°C or lower. 
[0094] 

By the CMOSFET manufacturing process of the present 
embodiment, the formation of the p-type well and the channel 
region of the n-channel MISFET and the formation of the 
n-type well and the channel region of the p-channel MISFET 
can be made at the totally two photoresist steps thereby to 
reduce the steps of manufacturing the CMOS LSI. 
[0095] 

By the CMOSFET manufacturing process of the present 
embodiment, the upper limits of the temperatures for the heat 
treatments are made lower at the later steps so that the 
diffusion of the impurity into the substrate caused by the 
hot heat treatment can be suppressed to realize a shallower 
junction between the source region and the drain region 
thereby to promote the high performance of the CMOS LSI. 
[0096] 

(Embodiment 8) 

In the CMOSFET manufacturing process of the present 
embodiment, as shown in Fig. 55, by the manufacture process 
of Embodiment 7, the gate electrode SB of the n-channel 
MISFET is formed at first over the gate oxide film 7 of the 
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p-type well 3, and the gate electrode 8C of the p-channel 
MISFET is then formed over the gate oxide film 7 of the n-type 
well 4- 
[0097] 

Next, as shown in Fig. 56, the surface of the n-type 
well 4 is covered with a photoresist 74, and the p-type well 
3 is doped with ions of P and As. At this time, the ions 
of P is introduced more deeply and in a less dosage than the 
ions of As. Alternatively, the ions of P may be obliquely 
introduced. 
[0098] 

Next, after the photoresist 74 has been removed, as 
shown in Fig. 57, the surface of the p-type well 3 is covered 
with a photoresist 75, and the n-type well 4 is doped with 
ions of B- 
[0099] 

Next, after the photoresist 75 has been removed, as 
shown in Fig. 58, an annealing treatment for impurity 
activation is executed to form the source region and drain 
region of the n-channel MISFET and the source region and 
drain region of the p-channel MISFET. The source region and 
drain region of the n-channel MISFET is constructed of a 
double diffused drain structure, in which the periphery and 
bottom portion of an n"^-type semiconductor region 76, heavily 
doped with diffused As are surrounded by an n~type 
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semiconductor region 77 lightly doped with diffused and 
the source region and drain region of the p-channel MISFET 
are constructed of a single diffused drain structure which 
has a p-type semiconductor region 78. 
[0100] 

By the CMOSFET manufacturing process of the present 
embodiment, the source region and drain region of the 
n-channel MISFET, constructed of the double diffused drain, 
and the source region and drain region of the p-channel 
MISFET, constructed of the single diffused drain structure, 
can be formed by totally three ion implantations to simplify 
the CMOS LSI manufacturing process. Moreover, the source 
region and drain region of the n-channel MISFET is 
constructed of the double diffused drain structure so that 
the high electric field of the end portion of the drain region 
can be relaxed. As a result, it is possible to suppress the 
hot electron effect of the n-channel MISFET which raises a 
problem if the gate length is miniaturized. 
[0101] 

Although our invention has been specifically described 
taking the cases of Embodiments, it should not be limited 
thereto but can naturally be modified in various manners 
without departing from the gist thereof. 
[0102] ' 

[Effects of the Invention] 
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The effects to be obtained by representatives of the 
aspect of the invention disclosed herein will be briefly 
described in the following. 
[0103] 

By the manufacture process of the present invention, 
at the step after the MISFET has been formed, alt the 
conductive films are deposited at a temperature of 500 °C or 
lower over the semiconductor substrate so that the number 
of heat treatment steps can be reduced to form a MISFET of 
Shallow junction. 
[0104] 

By the manufacture process of the present invention, 
at the step after the MISFET has been formed, all the 
insulating films are deposited at a temperature of 500°C or 
lower over the semiconductor substrate so that the number 
of heat treatment steps can be reduced to form a MISFET of 
shallow junction. 
[0105] 

By the manufacture process of the present invention, 
all the conductive films are made of a metal or its compound 
so that the wiring resistance can be reduced. 
[0106] 

By the manufacture process of the present invention, 
it is possible to simplify the process for manufacturing the 
semiconductor integrated circuit device having MISFETs. 
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[Brief Description of the Drawings] 

Fig. 1 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present invention; 

Fig. 2 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present inventions- 
Fig. 3 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present inventions- 
Fig. 4 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present inventions- 
Fig. 5 is a section of an essential portion of a 
semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present inventions- 
Fig. 6 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present invention; 
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Fig. 7 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present invention; 

Fig. 8 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present inventions- 
Fig. 9 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present inventions- 
Fig. 10 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present invention; 

Fig. 11 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present invention; 

Fig. 12 is a section of an essential portion of a 
semiconductor substrate and shows a process for 
manufacturing a semiconductor integrated circuit device of 
Embodiment 1 of the present invention; 

Fig. 13 is a section of an essential portion of a 
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semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present inventions- 
Fig. 14 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present inventions- 
Fig. 15 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present invention; 

Fig. 16 is a section of an essential portion of a 

semiconductor substrate and shows a process for 

manufacturing a semiconductor integrated circuit device of 

Embodiment 1 of the present invention; 

Fig. 17 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 2 

of the present invention; 

Fig. 18 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 3 

of the present invention; 

Fig. 19 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 
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a semiconductor integrated 
of the present inventions- 
Fig. 20 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present invention; 

Fig. 21 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 22 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 23 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 24 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 25 is a section 
semiconductor substrate and 
a semiconductor integrated 



circuit device of Embodiment 3 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 3 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 3 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 3 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 
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of the present invention; 

Fig. 26 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 27 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 28 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 29 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 30 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 31 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present invention; 



of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 
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Fig. 32 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 33 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 34 i^fe a section 
semiconductor substrate and 
a semiconductor integrated 
of the present invention; 

Fig. 35 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 36 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 37 is a section 
semiconductor substrate and 
a semiconductor integrated 
of the present inventions- 
Fig. 38 is a section 



of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 4 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 5 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 5 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 5 

of an essential portion of a 
show a process for manufacturing 
circuit device of Embodiment 5 

of an essential portion of a 
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semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present inventions- 
Fig. 39 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present invention; 

Fig. 40 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present inventions- 
Fig. 41 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present invention; 

Fig. 42 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present invention; 

Fig. 43 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present invention; 

Fig. 44 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 
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a semiconductor integrated circuit device of Embodiment 6 

of the present inventions- 
Fig. 45 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present inventions- 
Fig. 46 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present inventions- 
Fig. 47 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 6 

of the present .'^ invention; 

Fig. 48 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 7 

of the present invention; 

Fig. 49 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 7 

of the present invention; 

Fig. 50 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 7 
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of the present invention; 

Fig. 51 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 7 

of the present inventions- 
Fig. 52 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 7 

of the present! inventions- 
Fig. 53 is a flow chart showing the semiconductor 

integrated circuit device manufacturing process of 

Embodiment 7 of the present inventions- 
Fig. 54 is a flow chart showing the semiconductor 

integrated circuit device manufacturing process of 

Embodiment 7 of the present inventions- 
Fig. 55 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 8 

of the present inventions- 
Fig. 56 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 

a semiconductor integrated circuit device of Embodiment 8 

of the present inventions* 

Fig. 57 is a section of an essential portion of a 

semiconductor substrate and show a process for manufacturing 
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a semiconductor integrated circuit device of Embodiment 8 
of the present invention; and 

Fig. 58 is a section of an essential portion of a 
semiconductor substrate and show a process for manufacturing 
a semiconductor integrated circuit device of Embodiment 8 
of the present invention. 
[Explanation of Reference Numerals] 
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[Document's Name] ABSTRACT OF THE DISCLOSURE 
[Abstract] 

[Problem] To reduce the number of heat treatment steps in 
a process for manufacturing a semiconductor integrated 
circuit device having a MISFET 

[Solving Means] All conductive films to be deposited on the 
semiconductor substrate are deposited at a temperature of 
SOO^'C or lower at a step after the MISFET has been formed. 
Moreover, all insulating films to be deposited over the 
semiconductor substrate are deposited at a temperature of 
500°C or lower at a step after the MISFET has been formed. 

[Selected Drawing] Fig. 53 
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^i|i#<*^igti stsff^fiE-r-So mmm^(On^^:^-)i^mM I S FETCDV-X 
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3 <^:i^l^^>^f-S L D D (Lightly Doped Drain) m'j^X-mf&t^^. p9^-v^-^HiMI 
[0 0 2 0] 

El8IC^s-r<fc5IC, J-t^'J-tr^US^^fflM I S FET. l^jaOKCDn^^-V 
:t-;USM I S F E Tfccfct/p^-V^-^H^M I S F B T (D "i: tl't' ^(D ±mz ^ X 
■7CVD>^^fflL^TlSI¥5 0 Onm ?Ig(7)K4b V 'J n >M 1 6^3 9 0°CM(DJ$ 
MSS-eltWL. ^^l^rz<DM<bv'>t3»l1 6 ^^b^^^MHIttE^ffli (Chemical Me 
chanical Polishing: CMP) LT-?-<D^ffi^ ¥S^b Lfc^v 

h^-7X<7i=Lr^<bviJ=i>ISi 6fccl:o:y- h^<blg7 ^x.v5^>':/-r 

■i)Zi:l-J:y. y ^iJ-tr^USS^fflM I S F E T<;)nS#*i*?Il|c 1 1 (V— Xfl 
i^. KUI'^^^) (7)±g|5lcmmfL 1 7. 1 S^amL. JS32[=]SScDnT-V^^;U 
I S FET<Dn*S#ae^*:^J|l^1 3 (V-;^^l|!i> KU'T^'^l^) CD±gP(c 

mm^^9. zo^mf&L. p5^v^-;uSm i s FET(7)p*S##f*Mi^i 5 

[002 1 ] 

zcDi:^. «j-tr;uSS?fflM I s FETCD^f— hWlis A C^— FI^WD 
CD±a5icff^j$^Fti,f=g<bv'J =i»!l9 <!:ffli|Sl=ft^fiE^HfcM^bv'J =i XTJ-y-'T K 
0* — )\y7.^—Vi OIJ. dANlCX-v^^-^/^tl^ff lt^C(7)-C\ Jt^fl, 1 7. 1 

I S F ETC^y- hm*sl8 B. p^V^-^IUSM I S F ET(Dy- hWlilS C 
(7)-5-;K-ftL(7)Jia5icft$JiE*nf=M^bvU =i»S9 <i:fliJiil-ff^fi£*4x/=^<b v 'J =i 

K-!?:!-— ^UX^-- y- 1 01*. ft!()MCX-v^>':7"$+l,^/£(t^f(7)T-. 
?L1 9~2 2A<SB^-& (■bJU:77^'r» -^-ff^JS^+l-So 
[0 0 2 2] 

y =E'J-t;USS^fflM I S FET, J121[51S&(Dn5^A'4'-;i'MM I S FETfccfcl/: 
p^V^^^USM I S FET0±gPlrlt«-r-i)f6i^)l<!:LTI±, ±lB^'(b v U =i > 

m 6<7)tiiiict)s mxitcv D}£.^mi^x ^ 5 o°cm&<j>mm:^f^x'm^Ltz7ir 

V> (O3) — B P S G (Boron-doped Phospho Silicate Glass)M-V>. CVD;4$ 
ffll^r4 0 0°CfIJg(DfiEffi;agT'ift«LfcJi-V•>-TEOS(Tetra Ethoxy Si la 
ne) t6:t'^^mi-^^ti)<Xt^o znf><D$6iitiai*. ^^bv'J3»Sl 6 tie] 

i:<. •ib^fl<j#ffiefii (CMP) ;4r'-?-(Daffi^^fi<bf 

[0 0 2 3] 

?3cl-. El9ic;^1-<fc3l::s mm?L 1 7 ~ 2 2(7)|*|g|5ic5^^ ^^h-T h ^-T K (T 
IN) <!:W(D«llll-C^I«^F+iyi3^^'?"2 3^aftat;o Z(7)^^y23li. ^ 
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±g|ilrMIl3 0 0nmfi)ta)W^^4 7 5°CgS(DJ3EmSS-Cltf«Lfc^. ^(73W 
[0 0 2 4] 

~2 2(DJSg|JICT i v'J-tJ-'f K (T i S i 2)^^fl^fiELr4. J:L^<, T i 

CDT i M$lt»L. 8 O 0°CeS(7)7--JU-CZ(DT i )g<tm^?L1 7 ~ 2 2 (7) 

Jft«LfrT i Nmt\Nmt^:iiy^/<v<? Lxy^<f2.3^mfS.-rho 
[0 0 2 5] 

ijJilC. 0 1 OlCjF-rj:5l=. ^^tv'J=ll/|iI1 6(7)±a5IZt*-y hiiB L„ B L 

2 t)aiaii]S&<7)iHj^2 4 A. ZABf^Wpf&'tho f h^B L,, B Lj tE^ 
24A, 24Bli. V D>^^ffll^TK^bv''J =1 1 6<DJigi5|cKIl 

3 0 Onmfi)g(7)WM$4 7 5°C?Slta)jSIS;aSr-Jt^ L. ^l^T ZCDWM<D±gB 
ICC VDS$fflt^TJIff2 O O nm fIJt(/)g^b V 'J =1 >^ 2 5^3 6 0°CS®(7)J?E 

/■^-j! -- ^-i?" LT|5lB#l=}KJiE-r -So 
[0 0 2 6] 

t*-> hIiBL, BuaBtt^^?Ll 7 ^acrpt^ 'J-tr;USS^fflM I S FETCD 

S FETQn(DV-X^l^. K U'T ( n * 1 3 ) <t m 

[0 0 2 7] 

lffl3a[s]8&a)iB«S2 4 A(7)-!ffi(*. ^j^fl,2 0^ai:Tn5^-\'^-;UMM I S F E 
$tT., ftbaSlift^fl.2 1 ^iii:rp^V^-;USM I S FETCDV-X^Jgt, Kb 

-f i/^iJ^o-:^ (p^S4^^«<*Mi^i 5) .tttmwiclfi^^H-So ^fciH^24 

Bl±. Jgl^ft2 2^®1:T p5"-V^-;UMM I S F ET(DV — X^IlgEs KU-f^'® 
[0 0 2 8] 

JJ^IC, El 1 1 lC:5i-r<fc5(C. e«v hUaB L,. B Lj i:iB^2 4 A, 2 4B(D^ 
-y-2 61*, ^''^X-^C V D;±^ffll^r^<bv'J =J >M 1 6 (7)±a5lrMJ? 1 OOnm 

8 
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>P ^ M:^tt3: ^ > y T-SPX L T ff^|5E-r -S o 
[0 0 2 9] 

^^^(D±miZ ZT^X^CV om^mi^Xmrn 5 O Onm fiJgO^^b V U 3 >M 2 
7^3 9 0°CSS(7)J5!cMaST'Jt«L, ^L^r ZOT^^b V 'J =i >lg 2 7 ^^b^^^fi*! 

^««sfS (CMP) >ivmmLX'ta)m.m^w-^itLtzm.. ^'^kuvt-k^t 

X':7|cLT^'(bv'J=i>P2 7^X'v5^>'9*-r'g)Zi:l=cl:y. 'J-t^uSS^ffl 
M I S FET<DnS¥«<*fIl«1 1 (V— K U'T >^l|lt) (75-:^<7)±§|5 

S^B L, (0±Wzmf$.^ixfzmit'^') =1 »S2 5 tffiiJSlcff^liE^nfc^^bvU n 
XDtt-'C K't?;*-— yi'X'^— 9-2 6li. {Sjb^lCJ: ^n-S/r (+^f<75T', 

[0 0 3 0] 

httBL,, BL2fc<fcl>'K^t2 4 A. 2 4 B (7)±Sl5ICit«-r ^$fe^ll «t L 
Tl*. Ji|BK^bvU3^l82 7(Dtelct. <5lJ^I*HtJiBa);j-l/:^-BPSGlS-V5^ 
y^-TEOSM^ fc-S)lM*Xbf>:l-><7*^X (Spin On Glass: SOG) M'Jci: 

Ji^(±. ^^bv'J=l>M2 7 ,t|B]i:<^b!¥:e*)1t«WS (CMP) 

[003 1] 

'ik. mmnzs(D±mzmmmmmnmm^<j>mm'mm (tspk^) 3 2^ff^jiE 

-r-So \N(DZf^'!f3 0it. CVDJS^fflt^T^^b->'J=l>K2 7(D±SPIC^)¥3 
0 0ningg(DW)jS^5 0 0°c;eSrofiE)lSS-ei«fSLfc^. Z(7)W|S^X -v^/^ 
LTfl^fiE-r-So S««^13 2(i, CVD;S^fflLNT^^bviJ=l>IS2 7<D± 
gPIC^HS 0 0nmfIg[C7)WM^4 7 5°CgecDJ?EKS)t-elft« Lfc^, 37:^- h U 

cox\ mmmms 2^mfS.r^\Nm(0fs.mi^§L (4 7 5°c) j: y tiSL^i^Kss 
(5 0 o°c) -cmmr^o 

[0 O 3 2] 

5>:lC. El 1 4lC:5^-rd;3IC. 3 2 CO±gPlrtt^^«fflM^^ CD^g 

r^jiM3 3 h«m (±gPBffi) 3 4,!=^ftjj?E-r'i>o ^aiestM3 3,t^ 

U— hS*i3 4li. C VDj£^fflt^rg««^3 2(D±g|l|CjIJ?1 5ninfIS(DT 
32 Oslg* 4 0 0-4 8 0°CS^(Dfi£IS;agET'Jt«L/c^. T 05)SOT± 
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tllCcfey. §S«;ffi3 2<»:g«lfeJtM3 3t7^U-htt^i3 4i:T'«fi)t^ttfc> 
[0 0 3 3] 

;:3CIC, Ell Sir^T^-Tcfcdl-. 3^^Xv c v D;4 ^fflL^Tlf ffiS«fflS«^^C 
CD±SPIC)SI15 O Onm mmCDmitiy'J =i »1 3 5 ^ 3 9 0°C|iS<DRg)SSST'lft 
«L/:^. hUvX h^^:^':7l=LTK^bv'J=i>M3 5^x-vf^l^^*-r-l> 
ZtlCcfct-J, 1t^S»ffl^«*^C(D3^U— h«*13 4CD±a5ICjgg|?L3 6 

37^mmL. iEi^2 4BC75±tP>lcSSi^?L3 8^M^i>c It^SffifflM*^ 
C(D±gpi::ltW-r-g)*feiitlK<!: L-Cli, ±ie^^bv U =i »S3 5 (Dfdilct, ■(ffl^l* 

2B(D^'(bv'J =1>M3 5(7)MICXe>^>'J^^;^M^^t'^^Fti-fc3g(7)im»flI 
^iEffl-r -S - <!: ^ -S) « 
[0 0 3 4] 

mi 6IC:^-rd;^l=. K^bv'J=l>M3 7<7)Jia5iriB^3 9 A. 3 9 B 
. 3 9 C^ff^iS-r-So iB^3 9A. 3 9B. 3 9Cli. K^b V U =i >l« 3 5 (7)± 
g|i|rX/^-y'S"J V-^'ji-eMSS OnmMtDT i NB. ^)¥5 0 Onm liS(75 A I ( 

[0 0 3 5] 

*3IS<E(7)}^98(7)DRAM(DSSjt:^^lC«t*tlS. ^^'J-tr^US^fflM I S FET 
. J^SHS&COn^A'^WUSM I S F E TteJ;l;p^■V=^^^^M I S FETCD^tL 

i^K^S 0 0°CWT<7)SIg-CJtffi-r-S^<!:l=<i:y . iSSIft^iSI- J: -S^JsEl^t/)* 
[0 0 3 6] 

«*4 (W, A I ) ^fzltJ^^Jl'it'^mm^ (T i N) r'«J5£-r'i)-<!:l=J:''J. ^ 
$ffl'(blrfliaiB^gtri$'<aM-r-i>- <bA<T-^-5>CD-e, D R AMOTiSiS'fb^ttjt-r 

[0 0 3 7] 
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HiJiHSIJfiCDJ^all TM*. 'J-tr;U3M«fflM I S F ET<D>7-- hM8 A (7 
— KIgWL) . ^am^OJn^'A'^-^USM I S F ET(D^— h«fii8 Bfccfel/p 
^^:t-;USM I S F E TCDV— h«i® 8 C (X>-€-*t-f 4 7 5 °C|ig<DfiEffi;aS 

m^8A C^-KI^WL) hrnHS B. 8C^#iigSv'j3>M<!:T 

i NlS<!:WlS<DW^Iir-4ifi£-r-5)o 
[0 0 3 8] 

ZroJi^l*. ^-rc VDJ^^fflL^TlSJl2 5 0 ran filgCD^!^^ V 'J => 5 
-r-So ^i^av'J =i>^l=l± 1. 5x 1 0*ctn-'fIS<7)nl^JF|561^ (P) ^j^AQ-t 

■So 

[0 0 3 9] 

;:)J(C, T i NK(7)JiaBI=CVD;S^ffll^rMI11 O OnmgS<DWffi^4 7 5°C 

5Onm?I)t0g'lbv'J=l>^9^3 6 0°C?iS(7)mM;SS"eltttLfc^. 7:1- h 
bvX h^-7X':7(r Lfcx-:/^>'j7*-e^<b->U 3 >M9. wK. T i NmtS^lS 
^$£S->U3>lS^/'^^-->'?*L. y-h«*l8A (^-Kj^WL) fc^U'y 

[0 0 4 0] 

*lltfi(7)Jf^^<7)DRAM(7)iijt:^;4IC<i;ttl*. > ^ U -tr;UJM«5fflM I SFET 
, JiffllelSScT) n5^-v4'-;USM I S F E Tfcd:i;p5^-\':^;ixSM I S FET(D^-tl 

i^)S^5 O 0°ClUT<7);S^-e««f -§)-<t(Cj; DRAM(DM^mit^^mr 
[004 1] 

[0 0 4 2] 

(IIJfi<75ffJal3) 

*lt]5S<D}f$ffi<75DR AM^Sij^-r-Sl-li, $-^1111 8 (Zn^-T J: 5 Ic, p-^ro 
*SiSSv'J =i>A^t.^f-S^S<**^fi 1 (7)affi^flftK^bLT^lL^^^bv'J=l>IS4 
3 ^mS^Ltz'^. CV D;^^ffll^r^^bv'J =l>il4 3±ICg^bv'J =I>IS4 4 



319600896 



[0 0 4 3] 

ML. ;^LN-CZa);^jg5 2(D[*lS|5lC^K^b;iT')Sll1 0 ^ m?SJt(7)K<b v U 3 
>K5 3 ^•ff^filc-r-So 
[0 0 4 4] 

JJilC. EI2 0lCn^-r<t5IC, ;^j«5 2(DWg|JlC^^b->iJ =l>i!i5 4^iSiftiXt; 
o ;*jt5 2a)P»3g|5(z^1bv'J=i>IS5 4^il4^3Xt;|cli, CVD;i^fflL^r#* 

1 ±[zmm 6 0 0 nm fijg<7)K^b v u =i >M 5 4 ^ Jtis L /c^. it^mmm 

mm (CMP) ;4T-Z<D^^bv'j3:^«l5 4^0fS-^^o ^<7)^. 1 
±1=^ o fcM^b V 'J =1 >M 4 4 ^ X ^ > 'J/T' l^*-r o 
[0 0 4 5] 

^^j\.mMi sFBTt:fim^^mmo)^mi^mwiMzpm^m^ (b) ^-r^> 

;±ALTp^'^x;u3 ^ff^jSL, jafflHS&O) p ^ A'^-;H!iM I S FET^nm^ 
^^i$i<D^!^mi*^^U^lznm^m^ (P) ^'r:l->;±ALTnSi'!7x;u4^ff$fiE 

CD;1^?^<^l^(^-S^•r'S)J:3l='r:^>;iA^^Ta Ztlzjzy. pS't7x;U3^pM 
[0 0 4 6] 

:^^|-, m2 ziZTF-t^olz^ ;^5i5 2-eHS*t^rpSOx;u3. nS'^x;U4 
0)^n-ftlCD;Stl®l^a)a®^8 0 0°C?IJtCD;agTi^K<bLT)l)?8niii?Sg<D 

[0 0 4 7] 

M-r-S/tifttD^r Ji->aA<!:A<^M<!:/cf^<7)-e. HulHUJifiroff^al 1 CDiiit:^;* <!: 
it^r D R AM<;)S!{iiXS^^Ii]§^b-r ^ ^ <!:*<-e#^o 
[0 0 4 8] 

*ll«6<7)ff^S<DDRAM<7)Sit:^;^(c<i;n(i\ 1 (cff^fife L 5 

2T'm^:Ji-gl^tTd::tlCcfey. d r AivKDMiSffl^b^iSji-r'Sz tA<-e§-^o * 
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[O O 4 9] 

^JtoT. >^ 'J-b;USS?fflM I S FET. JlBllHlSS<75n^A'^--'U^M I S FET 
fccfel^pTA'^^^bSM I S FET^}^J,ELfra, ^tl P><D±SPI=K^b v U =i >K 
1 e^ltSL. ^L^TZro^^tS^'J 6 ^^b^a^J^USeflg (CMP) jjT? 

5fSLT^(DaiiD^¥-ffl<bLfc^. 1112 3l-*-rJ:3lc. :? h U vX h 
^(cLTK^bv'J =i>Mi 6fcJ:i;>y*- hK<bM7^x->^iy'>--r-5)::tlcJ: y 

. >^ 'J-b;i.SS?^M I S FETOnS4i»{$^i|!c1 ■! (V-X^l|£. KU-O 
[0 0 5 0] 

112 4lC:Tt-rj:5l~, ff i^?L 1 7. 1 8 <7)F«3g|J(r0$S^ v U =i ^ 
^"2 9 ^tli6i^t;o Za)3^^y29l*. CVD;^^fflL^TK^bv'J3l/ffi1 6(7) 
±ei5lrMll3 O 0nmM(D^!eSv'J=i>M^5 4 0°C?i)g(7)fi)cll;aST'lt«L 

ISlclinS^iisS!^ (P) $aS*0-r-5o 
[005 1] 

EI2 5IC;T^-rj;dl = . ^l^SvU =l>(D3^^':7'2 9<7)«®(CT i v U "9- 

KM3 1 ^mfS.-r^. t i v';-9--f kms i (±. m^?Li 7, 1 soji^ajic^ 
iissv'j=]>(7):^^^'*2 9 ^ai^)ix^/■£it^|c. xy^-^^ *):^<fm^mi^xmit 

vU3»IS 1 6 (7) JigPIClSJl 5 0nin^Sa)T i )®^li«L. 8 0 O^CMOJT- 
-JUV^(DT i lK<t^«SraV'j3> (3''^'9'2 9) <!: ^SFE Klbv'J 

[0 0 5 2] 

±aiic)iif 5 onm mm.0mit'> 'j=i>m45^36o °cmma)mm=Amvmm l 

fc^, hUvX h^VX'5(CLT^<bvU3>P4 5, ^^bv'j3>Ml 6 

I S FET(7)n^S^H#{*filgt1 3 (V-X^lt. K U-T ^^Ilgl) (OigPlcJ^J^ 

. >^U-b;US4RfflM I S FET(;)n^*Si*^lt1 1 (V-XMi^. Kbf> 
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[0 0 5 3] 

1112 7lC:n^-rJ:3l-. HftSSHlSficWff^^ 1 <7):^;Slct!tor)Sffl[B]S&<Dmi^ 
9~2 2(7)F*ggPICT i Ni:W(D«SK"e«)5ic^F*tfc:^^'9" 2 3 ^ga^iiA/Zc 
E12 8iriF-r Mit^y'J 3 >M4 5C;)±gPlC t*-y h^B L,. B L2 i: 

)S)2[51£S(»iB^2 4 A. 2 4B^}^fi£L. ;^L^r' t'-v h^SB L,, B Lj <tiB^2 
4 A, 2 4 B<7)-€-tL^*ncDffllJglr+H' >U:^'^— t^" 2 6 ^-Mf o 
[0 0 5 4] 

BL2 <tBB^2 4A. 2 4B(D^+1.-m05JiSPlC^^bv'j3>lil2 7^JtWL. 

iiii^-(;-^<7)«ffi^<b!PS*]«iMWS (CMP) jiT-ef^Lr^ffl^kLfc^, 

'J-tr^l/jM«?fflM I S FETfDnS^»<*fI«1 1 (V-XHHJ. K^-TVMl^) 
[0 0 5 5] 

'^)l^^^wa):^7•^'*3 o^ai6a.t;o zcD,h^. ^^Svu =i><D7^^y2 9<Da 

ffilzT i vU-t)--r KS3 1 A<J^jS^*frL^tCt^li^l:::l*s m^fL 2 8 

^■i^ 3 0 ^a46jXt?^|z7^^-5f 2 9 (^liSS->'Ja» <D*ffiA<M^b$n-l)(0-e 

eel". 

[O O 5 6] 

**tfe<Dff^alCDDR AM(DMit:^;ilCcfc*tl^. 8(7)pqgiJlCiliftiXSn 

fcBUia^^S^v'J =i><7):^^'J^2 9<7)affi|-T i v'J-y-'T K)13 1 ^fiimLXZf 

-S)Ci:A<-e^i)o */c> 7^^'?'3 0(D4^*4A«W^d:i:<Dp«^';Ut+f4<7>li^(*. T i 
V'j-y-'f KM3 1 <7)aSa)^!fel$-A r 7./^->^'ttifT'^*-r-&/-£ltT'=l>'$":7 h 
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[0 0 5 7] 
[0 0 5 8] 

5^x.y5^>'>*^i,^,tlCj:i-J. tfffi^«ffl#«*^^CCD3^U-hm^3 4(D± 
g|}|cmi^fl,3 e^PfiE-r-So *fcl5lB#lc. ^^bvU=i>li3 5fc<);l>*K<bvU=i 
»12 7^x-v^:x-^*-r'5z<h(Ccky. jaiaiH]i^0iS^2 4 A(7)±gl5lcft^fl,3 
7$-ft?^L, h2^ 2 4 B<7)±R|si-ts^?L 3 8 $^ff^/%'9''S)o 
[0 0 5 9] 

gl3 2IC:n^-r ct5l-. }tii^?L3 5. 3 6, 3 7 (Dl^^gPIC T i N (D 
SSSfflii^jito T i N(D3^^y5 5l*, X/^vS"J l^-^li^SJ^lKC VD;4$ffl 
U^T^^bv'J=l»S3 5<D±g|5l=T i NM^lt«Lt=^, C<7)T i NM^X-:;^ 

[0 0 6 0] 

T^^'Jf 5 5<D*f*4l=T i N<tWO>|IMfli^ffll^-i)ii^li. K<bvUa>M3 5 

^1*. T i N<!:W(7)x-v5^>':7""b— hl::MA<fc^<D1:% ^^b v U =3 >M 3 5 JiO 
T i N)g$^±IC|^^LJ;^<!:-r-g)i. mi^?L3 5, 3 6. 3 7 rop»3g|5lcili6i2. 

^n/cW<DaiaA<:*:^<fflG>ti,i)o t(Dtzi^. ^^bv'J =i >lii3 5(7)±gP(cA i 
iSiS^ff^RE-rixts ISii^?L3 5, 3 6. 3 7 (D±a5T- A I iE^A^BfjS-T ^JlttA^ 
fc-So ^^5. K^bvU =i>ai3 5±a)T i NM^^^I^x-v^^^-J^'-Br-ri-JILfe 
It^l*. ^0)±a5|CA I IBSi^^ff^fiELfrlS. T i N<!:A I (7)MT:-)lSl|A<HA<^ 

[006 1 ] 
[0 0 6 2] 

iJjiC. 1113 3lZ:^-r cfe^l-. ^^b->'J=l>^3 5C7)±ailCiBti3 9 A. 39B 
. 3 9 C^ffJJdt-r-So aEji39A. 39B. 39Cli. ^^b v U 3 »g 3 5 a)± 
g|5|C7./^>V^ 'J ^'^''jiiyPllS 0 Onin?SJt(7)A I ^^KfectLKKUl Onmg®(7) 
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[0 0 6 3] 

■t^mn^ (T i N) ^mmm^(DWii&mitLxmi^. z^iy—hmms 4 tm 
mE] s&rois^ ^ 1^1 -xs -e ji^ fiE-r i) o 

[0 0 6 4] 
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